Two hundred consecutive, minimally-sedated patients presenting for upper limb surgery were audited prospectively to determine the overall clinical success rate, extent of cutaneous neural blockade, reliability and complication rate of each indicator of axillary sheath entry, and degree of patient satisfaction. The axillary sheath was identified, using a 22 gauge, short-bevelled needle, by one of four indicators, whichever was elicited first (paraesthesia, arterial or venous puncture, or tethering by the axillary sheath). Alkalinized mepivacaine 1.2%, 50 ml then was injected. The cutaneous distribution of the block was mapped in the presence of minimal sedation. Anaesthesia was supplemented with peripheral nerve blocks where necessary. Patients were followed up with a mailed questionnaire and surgeon interview. The overall clinical success rate was 92.5%, improving to 99% with supplementary nerve blocks. Complete anaesthesia distal to the elbow was achieved in 85% of patients. Complications were common, but generally mild and transient: mild acute local anaesthetic toxicity, 3.5%; axillary tenderness and bruising, 12%; and dysaesthesias, 12.5%. Despite this, patient satisfaction was high (97%).
Successful axillary brachial plexus block depends on accurate identification of the axillary sheath 1 . Many approaches to identifying the sheath have been described, including eliciting paraesthesia, arterial puncture or loss of resistance prior to local anaesthetic injection. None has proven superior to others in randomized clinical trials [2] [3] [4] . Another approach described by Bridenbaugh 5 is to inject local anaesthetic when the first indicator of sheath entry is identified, rather than persist until a particular indicator is elicited. We use this technique in our practice. In addition, the success rate of axillary brachial plexus block depends on how success is defined. Many authors define a successful block as one adequate for surgery. Success, by this criterion, "depends on the site of surgery, in addition to the extent of the block" 6 . We believe, as do others 6, 7 that it is important for the purpose of comparison to define the extent of neural blockade using cutaneous testing, and to ensure that potent sedative agents are avoided before testing or during surgery. Mapping the block is also useful clinically, as it guides the judicious use of peripheral nerve blocks. We have made it our practice to map all blocks and to avoid excessive sedation.
We decided therefore to audit prospectively two hundred consecutive patients in our practice, to determine (1) the overall clinical success rate, (2) extent of cutaneous neural blockade, (3) incidence of complications, (4) reliability and complication rate of each indicator of sheath entry, and (5) degree of patient satisfaction with axillary brachial plexus block.
METHODS
Two hundred consecutive patients presenting for surgery on the elbow, forearm or hand, under axillary brachial plexus block, were prospectively audited. All patients gave informed consent for anaesthetic procedures and also consented to complete a postoperative questionnaire. As this work was an audit of our usual practice and our technique was no different from our usual technique, institutional approval was not sought.
Protocol
Patients fasted for six hours before surgery. Those requiring premedication received temazepam 10-20 mg. A vein in the non-operative arm of each patient was cannulated for fluid and drug administration, and arterial blood pressure, heart rate and oxygen saturation were monitored. Intravenous sedation (midazolam <0.1 mg/kg and/or fentanyl <2 µg/kg) was given as required after mapping of the block. Oxygen (6 l/min via a Hudson mask) was administered as necessary to maintain oxygen saturation >95%. All blocks were performed by the authors (HP and DL). The operative arm of each patient was abducted to 90°, and the hand placed on the pillow, near the patient's head. The axilla was prepared with alcoholic chlorhexidine solution. Using the index and middle fingers of his non-dominant hand, the anaesthetist palpated the axillary artery, then inserted a 22 gauge 38 mm short-bevelled (18°) needle (Terumo®, Tokyo, Japan) through the skin overlying the artery, advancing it slowly perpendicular to the skin in all directions, but with a slight cephalad direction.
Axillary sheath entry was identified by one of four indicators, whichever was identified first. If paraesthesia in the distribution of the brachial plexus was elicited, the needle was withdrawn slightly, and fixed in position. If the axillary artery was punctured, the needle was passed through the artery until bleeding just stopped. If venous bleeding occurred, the needle was passed through the vein or another puncture made. Finally, if pulsation was felt at the needle tip, or if we believed the needle to be at the correct depth (i.e. immediately adjacent to the artery), the needle was released and observed for tethering. By tethering, we imply a needle which is held in position by the axillary sheath, but which moves with the transmitted arterial pulse. Occasionally, the axillary artery was not palpable with the arm abducted, probably due to occlusion by the humeral head. The arm was adducted slightly until the artery pulse was again palpable, and held in this position by an assistant until the block had been performed.
Once the sheath was identified, alkalinized mepivacaine, 1.2% 50 ml was injected slowly. Patients weighing <50 kg received 0.9 ml/kg. Pressure paraesthesia 8 and sheath distention were noted. Digital pressure over the puncture site was applied for five minutes if arterial or venous blood was obtained.
Loss of cutaneous temperature discrimination in the upper limb was tested with ice 15 minutes after local anaesthetic injection. We did not test cutaneous sensation in the upper medial or upper lateral aspects of the arm, as these areas are variably innervated by nerves other than branches of the brachial plexus. If anaesthesia was inadequate in the proposed field of surgery, supplementary peripheral nerve block or local infiltration was performed (lignocaine 1% plain, 25 gauge needle, <10 ml, standard techniques).
A questionnaire was posted to each patient, with a return-addressed, stamped envelope (Table 1 ). In addition, the operating surgeon specifically questioned the patients at the first postoperative review about axillary pain, tenderness or bruising, or dysaesthesia after the block wore off.
Data Analysis: The clinical success rate was defined as the number of patients whose anaesthesia was adequate for surgery. Included were some patients who had patchy blocks, but who had anaesthesia at the surgical site. The anatomical success rate was defined as the number of patients with loss of cutaneous temperature discrimination distal to the elbow.
Results were compared using Fisher Exact test with Bonferroni correction for multiple comparisons. Each indicator of sheath entry was compared with the other three indicators combined. Weights of patients exhibiting acute toxicity and those not exhibiting toxicity were compared using unpaired, two-tailed t-tests. Results are presented as mean (SD), unless specified otherwise; P<0.05 was considered statistically significant.
RESULTS
Two hundred patients presenting for upper-limb surgery were audited prospectively over a five-month period. Three children (7-9 years), six teenagers (10-15 years) and 191 adults (16-94 years) were included. Although patients were generally healthy, their weights varied widely (23 to 130 kg) ( Table 2) .
All successfully blocked patients were conscious during surgery, and none required airway support. Only one patient was given IV sedation (midazolam 3 mg) before mapping of the block, as treatment for acute local anaesthetic toxicity. The remaining patients were sedated after the block was assessed. The axillary sheath was identified most often by eliciting tethering. The number of needle passes required was 1.8 (0.6) ( Success rates: The clinical success rate of axillary brachial plexus block without supplementary peripheral nerve block was 92.5%. The addition of peripheral nerve blocks in 13 patients improved the success rate to 99% (median nerve=3, ulnar=2, radial=2, lateral cutaneous nerve of forearm=5, digital nerve=1, local infiltration=1 [14 blocks, 13 patients]).
Only one patient had insufficient sensory and motor block for surgery and required general anaesthesia. In this case the axillary sheath was identified via venous blood. Another patient, a 16-year-old female, had complete anaesthesia for surgery but complained that her level of sedation was inadequate. She received midazolam 0.15 mg/kg and propofol 1 mg/kg and was classified as a clinical failure.
Eighty-five per cent of patients had complete anaesthesia distal to the elbow, while 58% had com-plete anaesthesia of the upper limb (excluding the upper medial and lateral aspects of the arm) ( Figure  1 ). The indicator of sheath entry first elicited had no statistically significant effect on the distribution of nerves blocked or the clinical success rate.
Complications: All patients attended the postoperative interview and had a questionnaire completed with them by the surgeon. Eighty-two per cent of patients responded to the mailed questionnaire.
Symptoms of mild acute local anaesthetic toxicity (including tinnitus, perioral numbness and dizziness) were observed in 3.5% of patients, all adults and all unpremedicated. Two of these patients developed twitchiness, one immediately after injection of local anaesthetic and one 20 minutes after injection (both adult males). No severe toxicity was observed. Patient weight was not statistically significantly different between those exhibiting toxicity and those not exhibiting toxicity.
Axillary tenderness and bruising occurred in 12% of patients. Six of these patients had an axillary haematoma, two with dysaesthesia on abduction of the arm. The incidence of haematoma was not different between the groups. Dysaesthesias were reported by 12 (18) Results are presented as mean (standard deviation). Results are presented as mean (standard deviation). resolved by the first postoperative day. Only three patients had dysaesthesias persisting for more than one week. One patient had severe ulnar neuritis for 12 hours, which was accentuated by direct nerve pressure at the wrist. No paraesthesias were elicited when the block was performed. A further patient had moderate dysaesthesia along the posterior aspect of the forearm. The only patient experiencing prolonged dysaesthesia had a small area of numbness on the thumb for six weeks: pressure paraesthesia in the thumb occurred on injection of local anaesthetic. Patients in whom the sheath was identified via arterial puncture had significantly more mild dysaesthesia than those in the paraesthesia, venous or tethering groups (Table 4 ). There were no statistically significant differences in the incidences of other complications between the groups.
Patient satisfaction: Patient satisfaction with axillary brachial plexus block in this patient group was high: 97% of those responding to the questionnaire were satisfied with their anaesthetic, and 96% were willing to have another arm block. Both the children who responded to the questionnaire reported satisfaction with the anaesthetic. Five patients reported dissatisfaction with their anaesthetic. The reasons were as follows: (1) failed arm block requiring general anaesthesia; (2) inadequate sedation; (3) discomfort despite complete anatomical success (not reported by patient during surgery); (4) discomfort from the plaster; and (5) a sensation of "thick arms". Seven patients were unwilling to have another arm block. Three gave no reason and one was uncertain. The others cited postoperative depression, a phantom third arm, inadequate sedation and pain during surgery as reasons.
DISCUSSION
In this audit we demonstrated that axillary brachial plexus block, using the Bridenbaugh technique 5 , is highly reliable in our practice, particularly when supplementary peripheral nerve blocks are used. The complication rate is acceptable and patient satisfaction is high.
The clinical success rate in this audit was high, and similar to other reports despite variations in technique (99% (8), 93% (9), 87% 4 ). We did not attempt to mask unsuccessful anaesthesia with intravenous sedation, and reported all peripheral nerve blocks used.
Peripheral nerve blocks are employed commonly to increase the success of axillary brachial plexus block. For example, Youseff and Desgrand 3 reported only a 60% success rate, improved to 76% by peripheral nerve blocks, and Fleck et al 11 reported a 65% clinical success rate, improved to 90% by field blocks or sedation. We believe that peripheral nerve blocks are an essential ancillary technique when performing axillary brachial plexus block, as incomplete block of one or more peripheral nerves is so common. They do not detract from the technique in a practical sense.
Our anatomical success rates also are high, and similar to other reports 2.3.7 . Only Cockings et al 9 have reported better results, with complete anaesthesia distal to the elbow in 99% of patients. They used a greater total dose and concentration than we did, a transarterial technique, and potentially heavier sedation, and their results have not been reproduced.
We believe our clinical and anatomical success results from (1) using all four indicators of sheath entry; (2) observing pressure paraesthesias and sheath distension; (3) using a 50 ml volume; and (4) using a short-bevelled needle, which is less traumatic to tissues and provides good feedback to the anaesthetist as anatomical planes and structures are encountered. We believe that our high rate of patient satisfaction results in part from the relatively painless needle puncture and the use of ice, rather than a pin, which may cause apprehension, for mapping the block.
There was no difference between the indicators of sheath entry in terms of clinical or anatomical success. In particular, arterial puncture was not more reliable as has been suggested in the past 6, 9 . Therefore we are not persuaded that arterial puncture should be deliberately sought 5 , especially if other indicators of sheath entry are elicited first. However, patients were 456 H. PEARCE, D. LINDSAY ET AL Anaesthesia and Intensive Care, Vol. 24, No. 4, August 1996 not randomized to different indicators of sheath entry in our audit, but essentially "auto-selected" an indicator.
Complications were found to be common, but largely mild and transient. Mild acute local anaesthetic toxicity occurred infrequently and no seizures were observed. Local anaesthetic doses similar to ours were not associated with toxic blood levels in previous studies 9, 12, 13 . In addition, patient weight was not a significant factor in the development of acute toxicity. We believe that local anaesthetic toxicity more often results from intravascular injection than absolute overdose, and therefore feel justified in using a constant high volume in all patients, which results in a more effective and extensive block 1, 14, 15 .
Axillary bruising and tenderness is a common minor complication of axillary brachial plexus block 10 . Although there is concern that arterial puncture may predispose to axillary haematoma formation 6 , there was no significant difference in the incidence of haematoma between the indicators of sheath entry in this audit.
Dysaesthesias were also common, particularly on the first postoperative day, although our incidence is less than reported elsewhere 10 . Dysaesthesias were more common when arterial puncture was performed. Multiple needle advances and, perhaps, subclinical haematoma may be the cause. Postoperative dysaesthesias have not proven more prevalent when paraesthesias are elicited 16 , and this was confirmed by our audit.
Apart from direct trauma, which is postulated to be more common when long-bevelled needles are used 17 , the aetiologies of dysaesthesias are elusive. Tourniquet-induced nerve ischaemia and deformation are potential causes 18 . Prolonged electromyographic (EMG) abnormalities occur in approximately 70% of patients following routine tourniquet use for hand surgery 18, 19 , and more severe injuries occur at a rate of one in 5000, although they are rarely permanent 20 . However, the advantages of a bloodless field for surgery probably outweigh the risks of a tourniquet 21 . Another potential cause of dysaesthesias is the "double crush" syndrome 22 . Patients with subclinical entrapment of a nerve trunk may develop fullblown neuropathy following compression by a tourniquet or local anaesthetic in the sheath. Without preoperative EMG evaluation, this diagnosis could not be made in our patients.
Axillary brachial plexus block is a safe, reliable technique for surgery on the forearm and hand, with a high level of patient acceptability in our series. We report an acceptable incidence of temporary compli-cations, and consider this block the technique of choice for forearm and hand surgery.
